defibrillator has been the inability to document the arrhythmia precipitating discharge of the device m outpatient\. The presence of symptoms of palpitation or presyncope is fiat synonymous with recurrent ventricular tachycardia. Symp
Iomatic supraventricular rhythms C I) and a,ymptomat~ wntricular tachyarrhythmias (I.21 have been documented by elecwxardiogram tECG) before defihnllator dirchar8e. Thus. it has been suggested (1.3.4) that new devices should incorporate telemetry to accurately we55 the frequency of defibrillator discharge for rurtaincd ventricular arrhythmia.
We recently implanted a new pacemaker-cardlovenerdefibrillator in I6 patients with drug-refractory ventricular tachycardia. The invcsugational device combiner an automatic cardioverter-defibrillator with antitachycardia pacmg capability and ventricular electrogram adage tVentritex Cadence Tiered Tbc~eng Defibrillator Syiteml. It is capable of storing ventricular electrograms recorded from the bipolar ventricular rdte-sensing leads for I to 60 5 before and after device shock therapy on the balls of programmed criteria. Up to seven 16 s events can be \tored and \ub\equen~,y transmitted Lo the programmer for dirplsy and uhimatc hard cop! rctne~~I. Three of the 16 patients receiving this device had out-of-horp&d defibrillator shock therapy preceded by no or minimal *ymptoms. This report documents that having ventricular electrograna stored before debvery of electrical dewce shock therapy is of value in the arrhythmia diagnoris and management of patients nhose device dwharges are preceded by mmmxal or no symptom% A 6Y )ear old man sustained an inferior myocardial infxction in lYW6. He war asymptoma:ic until March 1989. when he erpcnenced palpitation and was found to have ventricular lachycardia at a rate of 160 beatsimin. He underwent electrophysiologic study with rapid. hemodynamical!y compromising ventricular tachycardia induced in the bareline %xc (cycle length 260 ms). and during quinidinc. procainamide. Recainide and ammdarone therapy. There wa\ no history of atrial arrhythmia or frequent nonwbtained ventricular tachvcardia. Because of the drug-reiractorv nature cl the patiem'r arrhythmir. treatment with an m&nt-abk cardiovertcr-defibrillator was elected. Despite the induction of only rapid ventricular tachycardia ass&ted with prompt hcmodynamtc embarrarsment, a device with antitachycardla pacing capability was chosen because the spontaneo~ arrhythmia was well to!crated hemodynamically and the polent~al for antitachycardia pacing ar a therapeutic option was considered warranted.
Testing of the implanted cardiwverterdelib device ( ventbulat ekctrogram~ before and aher ekctncal device discharge Inwow). The initial rhythm demonstrates a iwmal rate with slight variahibty m RR intervals and a constant eleclrwram configuration. In theabsenceofany!uwm historyofslowalrial rhythm this most likely represents a sinus arrhythmia. A tachycardia bginr abruptly after a siwn-tong-rhon etcetrcgram sequence and continue5 for II I untd terminated by the device dircbargc. The cycle length afthetzchycardiair t6Oto Mmsand ircharaclcrixd by a continuously changing configuration. This is consistent with rapid polymorphic ventricular whycardia or ventricular fibrillation.
interval was prolonged at 520 ms. The serum magnesium concentration was 1.5 mg/dl and the potassium level was 3.6 mEqlliter. The QT interval twmtalized with correction oftbe electrolyte abnormality. There was no family history cd sudden death or long tjT syndrome. Cardiac catheterization demonstrated normal coronary aneries and no structutal abnormality. Electrophysiologic study showed no inducible ventricular arrhythmias. Anterograde atrioventricular (AVI node Wenckebach block occurred at a paced cycle length of 300 ms. The patient received an implantable cardioverterdetibtiliator for treatment of presumed idiopathic long QT syndrome manifested in the presence of hypomagnesemia. wire 4iawr.e for pdymorpbii ventriculPr tachyardta (F'ig. 3). Six weiks a& leai& the hospital she felt the defibrillatardischarae~teraanepisode of vomitina. The only symptom preceding this event was mild light-headed& On evalurdion. the serum magnesium level was I .7 mpl and the potassium level was 3.9 mEqfliter. The QT interval war namnl. lnterrogaiion of the device showed that detection of an arrhythmia had triggered discharge of the device. The ventric~dar ekctrograms registered for 27 I before and 5 s after device discharge were retrieved (Fig. 3) . The initial rhythm is slightly irregular with a cycle length of 650 to 700 mr and is presumably sinus. After this rhythm, there is a premature beat followed by a long pause. another ventricular dep&rization and a second premature beat fshon-longshort intervals) that then initrates a rapid tach)cardia (cycle length IM) to 190 mst. This tachycardia continued for II s and was terminated with a 500 V (I6 J) discharge from !he device. This rhythm. characterized by an irregular rapid rate and changing electmgtxm configuration. was consistent with a recurrence of torsade de uoinles.
Cme 3
This 69 year old man had a history ofchildhood rheumatic fever and two episodes of myocwdial infarction in 1975 and 1979. He underwent coronaw anery bypass grafting and sonic valve replacement in 1985. He ws well until April 1988, when he wrtained a cardiac arreet. Cardiac catheterization revealed no evidence of graft occlusion or valve dysfunction. Electraphysiologic study revealed inducible sustained ventricular tachycardia in the baseline state that was slowed with a combination of amiodarone and encainide and he was discharged on this regimen. In July 1989, he presented with rymptomsofamiodarone-induced pulmonary toxicity that prompted discontinuation of this medic&ion. Repeat electrophysialogic study performed during quinidine theraw revealed three distinct confitzttrationr of inducible susta~~cd ventricular tachycardia [hit were terminated by ventricular oacinc. The cvcle lewths ranged fmm 400 to 480 ms and were ali well tolenued-hemodynamically. It was therefore decided tc~ implant an antitachycardia pacemakercardioverterdefibrillator.
Dew diiharge for electri~I utifact 0tttaMtal lead frwture [F!g. 41) . Appmximately 6 months after implsntalion of the device he experienced a device discharge while at home. tie reported that he had no symptoms before the rhock was delivered. Interrogation of the device revealed 14 aborted discharges for detection ofevents that were nonsusmined. three episodes ofantitachycadia pacing therapy and one 6w V 122 Jt dischame for detection of sustained tachycardia below the cycle &tb cutoff point for detectiott if ventricular fibrillation 000 ms). Because the device had been programmed to store the electmgrams for three 32 s arrf~ytb-mia events. the ekctrograms from the majority ofthe sensed events were unable to be retrieved, including the episode initiating device discharge. However, retrieval of the stored electrograms corresponding to the aborted shocks suggested the probable cause of the event triggering shock therapy. All three recorded events were similar: an example is shown in Figure 4 . The underlying rhythm is regular a1 a cycle length of approximately 660 ms and is probably sinus in origin. Large amplitude, high frequency electrical signals present intermittently throughout the trdcing and independent of the underlying regular rhythm were recorded. By manipulating the generator pocket and moving the patient in a variety of positions it was possible ID reproduce this electrical artifact and record it on the real-time rate-sensing lead recording channel (see later). It was believed that the Ialter recordings were most consistent with an inrermitten~ lead fracture in the rate-sensing leads. The intermittent make-break phenomenon led to inaoorooriate tacbycardia detection and was suspected of r&lting in tbc s&k in the absence of symp tams. Because the implanted device is capable of sensing up 10 the time of discharge. most of the detected episodes resulted in an aborted shock.
Correctian of disrupted lead s3stem (Fig. 5) . In the opcrMing room the generator packet was opened and visual inspection revealed an obvious disruption of the lead adapter (DAIG LA 211) belween the Iwo epicardial screw-in ratesensing leads and the header of the defibrillalor generator. Manual manip&~ion of this partion of the lead system was associaled with artifact in the electrographic tracings re. corded fmm the rate-sensing leads (Fig. 5) . thereby confirming !he diagnosis. The lead adapter was replaced. alla which no artifact could be recorded fmm the icads during manual manieulation. Ventricular tachvcardia was induced and effectiveiy terminated with antitachyfardia pacing, iodieating appropriate sensing and pacing through the lcad SyStclll.
Discussion
Asymplomatk deRbrW(a dlwbarge. Asymptomatic defibrillator discharge has bea rcportcd to occur in appmximaxly ooc-third of patients receiving the implanted device (I-3). Although the fortuhous documentation of surface ECG recordings has demonstrated a variety ofsustained and nonsustained supraventricular and ventricular arrhythmias leading to device discharge, because the xrbythmie events arc usually not known with certainty. the mriate intervenrion to prevent their recurrence is dillkult to prcscrihe. RdeofstabUltydRRiatervalaadekctqmcm@a. tioa. There is no doubt given the marked variability in rate that the diagnosis of atrial fibrillation could be made with FlcweS. Cart 3. Simullancws recordings of wface keds I, II. V,R acd the !&I vsntricularlLVl spicardii bipdarckcvo cram rran the rak-sewing leads obtained during intraopcra~ive testing. The device was placed in the "bradycardia pacing only" mode ,vilh ven"iculardsma,,d p"-ing at a rate of 60 bwtsJmin aed the lead SySte"I WS manipulated. The U&dying rhyihm is predominantly a paced vsnticular rhythm with occ&nal sinus capwe beats. During manual manipulation of the lead adapter berween the epicardial screw-in rate-sensing leads &nd the header of the defibrillator generator. electrical artifacl was seen on fhe channel recording the epicardial ekrtrognm. This artifact is similar 10 the signals recorded during the spontaneous events (Fig. 4) . The diagnosis of aversensing due to in~ermiaent lead disruption was confirmed. Itie lhird patim illustrates how electrical events stored before device dircharge or aboned dkchargc can aIs he used to diagnose potential CBU:CI of oversensing. Electrical signals consistent with the make-break phenomenon seen with itttermillent interruption of the lead integrity were noted on the eleclrogram recording channel and reproduced with manual manipulation of the lead adapter. This allowed Immediate intervention and correction of the likely problem leading to device discharge in the absence of symptoms.
